Introduction: Squamous cell carcinoma (SqCC) is the second most common histology of primary bladder cancer, but still very limited information is known about its treatment outcomes. Most bladder cancer trials have excluded SqCC, and the current treatment paradigm for localized SqCC is extrapolated from results in urothelial carcinoma (UC). In particular, there is limited data on the efficacy of definitive chemo-radiotherapy (CRT). In this study, we compare overall survival outcomes between SqCC and UC patients treated with definitive CRT. Materials/methods: We queried the National Cancer Database (NCDB) for muscle-invasive (cT2-T4 N0 M0) bladder cancer patients diagnosed from 2004 to 2013 who underwent concurrent CRT. Propensity matching was performed to match patients with SqCC to those with UC. OS was analyzed using the Kaplan-Meier survival method, and the log-rank test and Cox regression were used for analyses. Results: 3332 patients met inclusion criteria of which 79 (2.3%) had SqCC. 73.4% of SqCC patients had clinical T2 disease compared to 82.5% of UC patients. Unadjusted median OS for SqCC patients was 15.6 months (95% CI, 11.7-19.6) versus 29.1 months (95% CI, 27.5-30.7) for those with UC (P < 0.0001). On multivariable analysis, factors associated with worse OS included: SqCC histology [HR: 1.53 (95% CI, 1.19-1.97); P = 0.001], increasing age [HR: 1.02 (95% CI, 1.02-1.03); P < 0.0001], increasing clinical T-stage [HR: 1.21 (95% CI, 1.13-1.29); P < 0.0001], and Charlson-Deyo comorbidity index [HR: 1.26 (95% CI, 1.18-1.33); P < 0.0001]. Seventy-seven SqCC patients were included in the propensitymatched analysis (154 total patients) with a median OS for SqCC patients of 15.1 months (95% CI, for patients with UC (P = 0.013). Conclusions: This is the largest study to-date assessing survival outcomes for SqCC of the bladder treated with CRT. In this study, SqCC had worse overall survival compared to UC patients. Histology had a greater impact on survival than increasing T-stage, suggesting that histology should be an important factor when determining a patient's treatment strategy and that treatment intensification in this subgroup may be warranted.
Introduction
Squamous cell carcinoma (SqCC) of the bladder is the second most common histologic variant of bladder cancer [1, 2] . Most bladder cancer trials have excluded SqCC, and the current treatment paradigm for localized SqCC is extrapolated from results in urothelial carcinoma (UC). There is limited data on the efficacy of these treatments in SqCC, particularly for definitive chemoradiotherapy (CRT). In this study, we performed a propensity analysis to compare overall survival outcomes between SqCC and UC patients treated with definitive CRT.
Materials/methods

Data source and study population
Using the National Cancer Database (NCDB), we identified patients with clinical T2-4N0M0 bladder cancer diagnosed between 2004 and 2013 with complete demographic and treatment information [3] . All patients underwent transurethral resection of bladder tumor (TURBT) prior to definitive concurrent CRT. Patients who underwent cystectomy were excluded. Only patients receiving radiation therapy to the bladder or pelvis and total dose 40 Gy were included.
Statistical analysis
Overall survival (OS) was calculated from diagnosis until death, censoring at last follow-up for patients who were alive. The Kaplan-Meier method was used to estimate OS probabilities and Cox univariable and multivariable analyses were performed on all patients. The v 2 test and Fisher's exact test were used to evaluate contingency tables, as appropriate. Variables with p-values <0.05 on univariable testing were entered into a multivariable analyses using the Cox proportional-hazards model. Propensity score analysis was performed to correct for baseline differences between histologic groups. A 1:1 matching algorithm including the variables used in univariable analysis was used with a caliper of 0.2 and without replacement. Significance was considered at a value of p < 0.05. SPSS v24 (IBM; Armonk, NY) was used. 
Results
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Outcomes
The median OS of the entire cohort was 29.0 months (95% confidence interval [CI], 27.4-30.6 months). Patients with clinical T2 disease had median OS of 31.1 months (95% CI, 29.1-33.0) compared to 20.1 (95% CI, 17.8-23.6) and 20.7 (95% CI, 17.7-23.7) months for clinical T3 and T4 stage, respectively (P < 0.001 T2 versus T3 and T4). The unadjusted median overall survival for patients with SqCC was 15.6 months (95% CI, 11.7-19.6) versus 29.4 months (95% CI, 27.8-31.1) for those with UC (P < 0.0001) (Fig. 1 ). The estimated 3-and 5-year OS for SqCC were 27.5% and 20.5% compared to 43.8% and 29.5% for UC, respectively (P < 0.0001).
Univariable and multivariable analyses
On univariable analysis OS was affected by age, Charleson-Deyo comorbidity index (CCI), histology (UC versus SqCC), and clinical T-stage ( 
Matched cohort
Propensity score matching between the SqCC and UC histology groups was performed to address confounding patient, tumor, and demographic bias between the groups. This resulted in a successful match of 77 pairs of patients between SqCC and UC (154 total patients). There were no significant imbalances in matched variables in the resulting cohort and propensity scores were well matched (all standardized mean differences <0.2). For the matched cohort, the median OS for SqCC patients was 15.1 months (95% CI, 11.1-18.9) vs. 30.4 months (95% CI, 19.4-41.4) for patients with UC after propensity match adjusted analysis (P = 0.013, Fig. 2 ).
Discussion
Despite an overall increase in the incidence of bladder cancer in the USA over the last 40 years, the incidence of SqCC has declined but overall survival after therapy remains poor [1, 4] . An NCDB analysis demonstrated that patients with SqCC are more likely to be diagnosed with advanced disease than UC patients [1] . In a study from MD Anderson, SqCC patients were more likely to present with locally advanced disease and were more likely to fail loco-regionally [2] . Achieving local control for SqCC is therefore of particular importance, given the pattern of failure for SqCC and the morbidity and mortality of local recurrence [5] [6] [7] . The treatment strategies for localized SqCC are largely extrapolated from the treatment of urothelial bladder cancer and often include radiation therapy, radical cystectomy, and definitive CRT [4] .
Several studies have reported worse survival outcomes for SqCC treated with either radical cystectomy or definitive RT alone compared to similarly treated patients with UC [8] [9] [10] [11] [12] [13] , but there is limited data on SqCC patients treated with CRT. In one of the Bold = statistically significant (P < 0.05). larger surgical series, Ehdaie et al. found that pure SCC (n = 78) was associated with significantly worse OS and disease-specific survival compared to UCC for patients treated with radical cystectomy [13] . In a study of SqCC patients treated with definitive RT alone from the early 1980s, Prempree et al. reported a 3-year diseasefree survival of 16% for 33 SqCC patients treated to 60-65 Gy, results that compare unfavorably to contemporary series of RT alone for UC [11] . Given the unfavorable outcomes with radiation alone in SqCC and the results of randomized controlled trials in UC demonstrating improved survival with CRT vs. RT alone [14, 15] , it seems reasonable to combine radiation therapy with chemotherapy for SqCC patients to take advantage of chemotherapy's radiosensitizing effects, even though chemotherapy appears to have less benefit for SqCC than UC [16] [17] [18] . The BC2001 trial of CRT with 5-FU and mitomycin C vs. RT did allow SqCC patients on study, but only 2.7% (8 patients) had SqCC or adenocarcinoma [15] . Given the effectiveness and tolerability of 5-FU and mitomycin C in SqCC of the anus, the use of this regimen in SqCC of the bladder appears reasonable, especially for patients who are platinum-ineligible. Our purpose in this study was to determine the overall survival of SqCC patients treated with CRT and compare overall survival outcomes between SqCC and UC patients.
In our study, we found that SqCC patients treated with CRT had worse overall survival compared to UC patients in a multivariable model. The discrepancy in overall survival remained after propensity score matching between SqCC and UC. In light of the poor outcomes with definitive CRT in SqCC patients compared to UC patients, treatment intensification strategies for SqCC may be warranted, such as the use of immunotherapy, novel chemotherapeutic strategies, or radiation dose escalation/hypofractionation. Additionally, our findings are not a comparison of CRT versus radical cystectomy for this uncommon histology. Ehdaie et al. reported an estimated 5-year OS of 40% (95% CI, 28-51) for SqCC which is superior to the survival in our study, however many patients receiving CRT may have been inoperable due to comorbidities or other various reasons [13] . This comparison, however, suggests a role for radical cystectomy in surgical candidates. Institutional retrospective and future prospective studies comparing CRT and radical cystectomy are encouraged.
There are several limitations to this retrospective analysis. In our study, the OS for patients with UC treated with CRT was worse than the OS reported in prior RCTs and large single-institution retrospective series. For example, the BC2001 trial reported a fiveyear OS of 48% compared to only 30% in our study [15] . This difference may be related to the older median age in our cohort and inclusion of patients with co-morbidities who would have been excluded from a RCT as well as heterogeneity in the radiation dose, treatment volumes, and chemotherapy administration. Importantly, the lack of details on chemotherapeutic regimens used in this study (e.g. chemotherapy agent(s), number of cycles administered, and dose reductions) is a major limitation of the database. Another limitation of this study is that while the size of the UC cohort treated with CRT is large, the size of the SqCC cohort is relatively small. Lastly, limitations include those inherent to the NCDB, such as the potential for unidentified confounding factors and missing/miscoded data.
Conclusions
This is the largest study to-date assessing survival outcomes for SqCC of the bladder treated with CRT. In this observational study, SqCC had worse overall survival compared to UC patients. On propensity analysis, OS remained significantly worse for the SqCC cohort. While the sample size is relatively small and subject to selection bias, the results suggest that treatment intensification strategies may be reasonable for this less common histologic subtype.
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